C lopidogrel plays an important role as an anticoagulant drug in the prevention of atherothrombotic events such as myocardial infarction or stroke. Recently, generic clopidogrel products have gained marketing approval in Austria and are now available as alternatives to the originator product Plavix. However, scientifi c groups, including the eminent Austrian Society of Cardiology (Österreichische Kardiologische Gesellschaft, ÖKG), voiced concerns at the time of licensure about the safety and effi cacy of the newly approved generic products [1] .
The original marketing authorisation was granted to a product containing clopidogrel as a hydrogen sulphate salt. Some generic clopidogrel products have this same salt preparation while others are compounded, for example, as clopidogrel hydrochloride, clopidogrel besylate, or clopidogrel free base. The question subsequently arose as to whether these different salt preparations act differently on their target receptors.
In support of these being equivalent products is the knowledge that the different clopidogrel salts exhibit the same pharmacodynamic properties. This is because they all dissociate in the gastrointestinal tract before reaching the blood circulation. Many active substances are formulated as salts specifi cally to improve their solubility in aqueous solutions and in the gastrointestinal tract. The active molecules being absorbed from the different salt preparations are always the same, see Figure 1 , which results in a nearly identical pharmacodynamic profi le, provided that the kinetic parameters are more or less identical. To preclude any theoretical relevant differences in pharmacokinetic parameters, the different clopidogrel salts were subjected to bioequivalence studies, as requested worldwide by medicines authorities and using acceptance limits specifi ed in the EMA 'Guideline on the Investigation of Bioequivalence' [2] . This included measurement of the area under the curve (AUC) and the maximum concentration (C max ) of the active molecules-which are the same chemically regardless of the salt formulation. If the salts show comparable pharmacokinetic behaviour in the bioequivalence studies, they can be considered pharmacologically more or less the same with regard to effi cacy and safety.
Some critics have recommended that further clinical trials take place in order to substantiate the effi cacy of clopidogrel generics, before regulatory approval. This is not legally required for generics medications in any of the EU Member States, however, and in general such trials have added little in terms of additional data or knowledge to support such an application. Nonetheless, pharmacodynamic data from some clinical trials do For personal use only. Not to be reproduced without permission of the publisher (editorial@gabi-journal.net).
PERSPECTIVE
support the claim that different clopidogrel salts act in a comparable manner to inhibit platelet aggregation, so long as they have similar pharmacokinetic properties [3, 4] .
EMA's Pharmacokinetic Working Party [5] , formerly named as the PK-expert group of the Effi cacy Working Party (EWP), dealt comprehensively with such issues. This expert group advised on the development of generic clopidogrel products and specifi ed the necessary testing conditions for different clopidogrel salts. They stipulated that if these conditions were fulfi lled, as was the case with authorised generic clopidogrel products, then equal effi cacy and safety of the originator and generic clopidogrel products can be assumed.
Bioequivalence studies have revealed differences in plasma concentrations of clopidogrel. These are permitted so long as the differences lie within defi ned limits [2] . Accordingly, the 90% confi dence interval for the main parameters AUC and C max have to be contained within the acceptance interval of 0.80-1.25. Acceptance limits defi ne a statistical range and the actual mean lies much closer to 1 (or 100%), as numerous studies have reported that the AUC and C max for generic products differed only by 3-4% on average from those of the originator product [6] [7] [8] [9] [10] . This degree of variability is negligible, particularly when considering the variation in clopidogrel plasma concentrations that occur in different people depending on whether they have just eaten. Clopidogrel is a pro-drug, and through a complex series of metabolic steps is converted to its active thiol metabolite. Initially, however, a substantial proportion of the pro-drug is converted to an inert carboxyl metabolite in the stomach, leaving only a limited amount of the parent substance available for conversion to the active metabolite [11] .
Concomitant food intake reduces the stomach's acidity through a rise in pH. Because clopidogrel is primarily soluble in an acidic environment this causes a delay in dissolution of clopidogrel salts: less of the inactive carboxyl metabolite is formed, and more parent substance is available to be metabolized into the active thiol metabolite. EMA's Pharmacokinetics Working Party evaluated the relevant data and noted remarkably high AUC fl uctuations, i.e. up to 500-600%, of the parent compound [12] . The originator's summary of product characteristics however states that clopidogrel can be taken with or without food, which suggests that such food-related fl uctuations happen regularly in clinical use of this drug. However, the authority has not yet received any reports of food-related clinical problems.
Plasma clopidogrel concentrations can also be infl uenced by a person's genetics, particularly in relation to enzymatic genotypes. The enzyme CYP2C19 which metabolizes clopidogrel exhibits genetic polymorphism. A number of known allelic variants can lead to profound differences in plasma concentration of the active metabolite in up to 20% of patients. Therefore, differences of just a few per cent in plasma concentrations, as seen with different generic clopidogrel salts are considered clinically insignifi cant. [2] . If bioequivalence has been proven in terms of there being no meaningful difference in pharmacokinetic properties then different salts will be accepted as having similar effi cacy and safety and authorisation will be granted [15] . Austria and other EU countries have licensed generic clopidogrel products on this basis. The concerns that different clopidogrel salts might exhibit altered pharmacodynamic effects were not substantiated from either a pharmacological or from a regulatory perspective.
Different indications
Another area of concern regarding clopidogrel generic products is the differing indications in different versions of product information. These have arisen due to patent restrictions: the reference product includes the indication 'acute coronary syndrome' in its product information while most of the generic products do not. While BASG will not offi cially recommend generic off-label use for the treatment of 'acute coronary syndrome', it remains important to explain that the different indications are not the result of any proven differences in effi cacy or safety between the products [16] [17] [18] .
Basically, there are two major reasons that may lead to the listing of different indications between originator and generic products:
According to the European Community 1.
marketing authorisation procedures for medicinal products [19] , generic products that are authorised through the mutual recognition procedure may have different, i.e. fewer indications than the originator in the same country. This will happen when the generics applicant uses a reference Member State in which the summary of product characteristics of the reference (originator) product was not harmonised so far, i.e. if there are no EU-wide harmonised indications. The second reason, which accounts for 2.
the situation with clopidogrel generics, is that while patent protection applies, specifi c indications of the originator may sometimes only be listed for the originator product, and not for the generic product.
This should allay the concerns expressed, for example, by the ÖKG and some clinicians who perform coronary stent procedures, over the safety and effi cacy of clopidogrel generics, and the absence of this indication from product information.
Listed below are excerpts from the two different versions of the product information leafl ets: Remarkably, nearly half of all generic products authorised in Austria [20] have begun recently to obviously disregard the patent restriction by listing all the indications. Therefore, differences in the indications no longer apply to many of the generic clopidogrel products.
Version 1 (all indications listed)

Maintaining quality of manufacture
The same stringent rules, for example, good manufacturing practice, apply to the manufacture of generic clopidogrel products as for any other medicinal product. However, lower quality batches may be produced on rare occasions. BASG and any other European medicines authority are therefore responsible for strictly monitoring the quality of medicinal products, irrespective of originator or generics source. These measures help to ensure that only top quality products remain in circulation.
Conclusion
The claim that generic products may be qualitatively or clinically inferior generally stems from unsubstantiated individual opinion and unverifi ed case reports. Systematic reviews and meta-analyses have failed repeatedly to show that original products are superior [21, 22] . The predefi ned acceptance limits for bioequivalence also ensure that plasma concentrations vary only by 3-4% on average from those of the originator product, a range which is deemed to be clinically irrelevant.
BASG/AGES PharmMed maintains that bioequivalence studies are an internationally recognised investigative method, employed by competent authorities worldwide. They are a scientifi cally accepted tool for demonstrating the comparability of generic and originator products. The pharmacological principle that similar plasma concentrations refl ect similar amount of the active substance present at the target sites applies to clopidogrel generics regardless of their salt preparation. They can therefore be assumed to have comparable effi cacy and safety.
For patients
Several clopidogrel generic drugs were autho rised recently by national and European com petent authorities. All of them were thoroughly tested and represent high quality medicinal products. They offer a low-cost alternative for the prevention of atherothrombotic events with an equivalent safety-and effi cacy-profi le.
